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Abstract: With requirements for the improvement of the quantity and quality of vaccines, therapeutic protein drugs
and many other biological products, large-scale cell culture technologies continue to be developed. In order to increase
production and reduce cost to produce safer and more effective drugs, the development of large-scale cell culture
processes is essential, while the process optimization and scale up of animal cell culture are challenging. Ongoing
research and development of animal cell culture technology are urgently required to increase the expression level of

target poducts, to expand the scale of cell culture and to ensure stable product quality. This article focuses on above
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issues and systematically summarizes the establishment of suitable large-scale culture to achieve high-density and high-
efficiency production through the construction of excellent cell lines, the design of medium, particularly serum-free
medium , as well as the optimization and scale-up of the culture process based on process analysis technology (PAT).
Genomics and gene editing tools are frequently applied to construct an excellent cell line that supports high-density
growth and secretes a large amount of therapeutic proteins. With the in-depth study of cell physiological and metabolic
characteristics, serum-free culture can be designed based on multi-omics study, and through a variety of online sensing
technologies to monitor and analyze the biological process, precise feedback control can thus be performed. On the other
hand, the generation of a large amount of inconsistent data during the cell culture process is basically due to inefficient
manual processing and judgment, and lacking of an in-depth consideration of global factors. Therefore, for the high-
efficiency industrial biomanufacturing process, it is necessary to visualize a large number of process parameters, establish
a database of process parameters for subsequent big data analysis, and conduct deep learning and data mining to perform

real-time bioprocess intelligent analysis, diagnosis and precise control, and then realize intelligent manufacturing.
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Fig. 1 History of large-scale animal cell culture technology and milestone events in the development of biotechnology

(From the establishment of in vitro tissue culture in 1907 to the development of intelligent biomanufacturing based on multi-omics data and machine

learning, the chronological development of large-scale animal culture technology and the breakthrough events in the process are highlighted;

EBRC—The Engineering Biology Research Consortium)
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JCE AL 2T B 2R BORR H A i 2 R s B (1 2)
AR AT DU R BT Ah 7 3G 7R 0k, AR ekl ot
77 A R W R A I e S OB T B IR G R M
TE—E K b, AT RES T BRI P8 97 70 2 1AL 2
THELPR ], EGH M ) A Kt 2 52 B HAhE 7R n R N
e e R, XM ALE A B T, AR
S 6 1 A K 75 B o A SRR R IR, AT AR R
Y1 0 F AR AN R e AR K AR, EMALIR S A
FEVNIIRR B, (A5 4 R 5 AN = ik BE A AR I
FLIR ISR E T K E M AP i, A 20
B A RS AR TR R A,
IETF I — PR T A E R AR . R AR
TR SRR . Bl S, ARATIAERMRE R IR BT
R Tz, IFE R TR A B DA &
JE 0 T R RRACH 0 T BB A M PT B IE. 1E
2 L (A J 80 25 AR A PR AR A 1) D 70 35 7 35 1 B b
B, ELRAERE (42 mmol/L) ELAEWY) RN 2%
SPHERE IR (34.5 mmol/L) FAAK 7.2 4%, Eb Tk R
SrEREFE (30.9 mmol/L) FE{K 6.3 1%, [AIRF & HIE
BRABIRAD T o SEERE, PR k2
900 mg/L, 4 bt oyt (52 mg/L) Al #h k4 it
(551 mg/L) HEFR4Rw T 1645 F163% B, (HEE, b
A4 21 1 85 R A B 25 B2 AR 7.5%10° cells/mL, L
SN (14.5%10° cellsmL) 18732 . AT
PR B VA A PR P (R DR 3%, A AT TR b 7 3% R ik
(AT B AR A Tk — DA . 7R AT AR LR
FREM LR LR IR AR VS . BN A E SR
(Fe*, SeOr, Li', Zn*, Cu*, POI) M
Hi N B A=W S B2, AN A5 85 KT 2 i %
N 1.7%107 cells/mL, EbCLART MR IERT 77 (6.3x
10° cells/mL) 2% T 1.7 fi%, 11 HAESE T 5 RS 4
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4 ™
fhRHEFRIE: Xi=6/%6

hEHIEIE: Feed= AN 6

il &
I
i

i
e A

P

&:[Glucose] + i&,i[AﬂliIlO a.cicl] P i&.. j[Vit&]]liIl]j — [Cell mass] + Bp[Product]+ 9A1‘P[ATP]+ Z Bk[By- products]k
=1 J=1 k=1

B2 BTt B AR R IR
CARIETHE . 20 Fhad SRR 10 4B ARV RS, HIE (RUIEEERT. MEM. DNA. RNASHRAEYD .
MR ATP A D 2 7 81 H A 2 2 U5 A
Fig.2 Media design guided by stoichiometric and the constraint-based model

(Taking glucose, 20 amino acids and 10 vitamins as reactants, cell mass including the mixtures of protein, lipid, DNA, RNA, etc.,

products and ATP as reaction products to develop stoichiometric equations)

o 2 1 S S B R B TS N T IS AN A SR
THHTIANEL RS o FLER LE A s 2R P4 22 0. 36 mmol/
(107 cell'h),  EE LART B AMEL - #E3E 721K 30%; &b
A R A 0. 28 mmol/(107 cell'h),  Eb LA A%k
KLy 5 FRAK 60%, B 2 B PR B B AT BT 42
e XA T R AR FE T LA T CHO 48
AR LS IR, SIS P A e R R A B
EIGN TG R, R T R Y
B, W FLR L G B 2 M 4 i RE 7R 14 0.15 mmol/
(10° cell'h) P& I 21 Pk} 53 46 5% 7% 19 0.024 mmol/
(10° cell'lh) . S ftt3EFRAH L, 20 AN ELEE TR 10
IFN-y = B4 5 A 7.6 mg/L 7H i 51 30 mg/L, 47
3%, I HIFN-y B ALK P s A 25 . AR
(R A 52 B AT PR FE R smd, | T AERMEE it
B R 7R R IR B B R FEE E, BRI IFN-y
(RE IS LA AN RL o ik 7R i R b AR R AR e ™
2.1.2 R E 6 Bk

7R B ) R0 4 P 2 )RR B8 A B ) ety 7L 3 ) 48
i 5 77 v 2 AR ORI R S AR S R R
AT LMk 44 B PR 42 25 Bk At e b AN BT /b ) — AN D R

SN 7L TR 2 T L 20 47 4 B R 77 ) S 0 )

T, FR211 S a R, 7540 Mk 0
J1E, 38 I R PR R T B o B I LR AN = S
FSCR A7 H OB i A DAL, DA AR A R AR A 1
FEAR T AR 4 R S IR O AR AR A AR R AN
SR AR, T Had 2 i A B vk
BT, R R A AR R Y I 2 BR U A . &
A 2 o3 RN S B Y R AR Bl B A, AE 2~
10 mmol/L F{YZ(HR 22 3 [ P9 A A2 32 31 50% FA B
il FLER & SRR M A, H A A] R A
RFT=A4, 20~40 mmol/L ) FL B 2 5 4 it i) A4 K
D 50% B B A i B IR v AR R A IR IR FE ER
T E IRV IR FE 20 M 28 BRI A= ) g 87 4% F 45
R0 R T k> i i B 5% AR R AR R
Daniel I.C. Wang ¥R @ 2H 22 56 2k H HLB M i,
it 0 L L PR 3 £ LR AR B8 - A AR B 1 € [T
BET 22 BRBG R T AL IR AR B 1. AR AT HE
— AN A PR R R B IR R B IR B A
T AL FH R 0 R S A M O BRIRES, B R E
P EE — AW (RIFFEEERES), W
M T AE ARG IR A, (R g IR A
HEE IR (REATHR7Y, Bk HEAN
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FFREND, HPERMI 5 — i AR5 0.5 mol/L
NaCl1/20 mmol/L NaHCO, ¥, K40 iz i 1E
AR DAL S R Y . BRI I B
ff 355 77 e vpoy B AT I LR AR B T AR AR B T g
W IT R B AR IR A, R N IR RS R T
4 R [ FEL A 1 8 1 DL ZE R 1% 97 =5 P4 H fr 2 (9 ELE
L IX PR VAT DAA AR B IR = N LR AR &
TRV AR B 7. 75 FLI % 5N 50 A/m’ I o 41 il 2%
£, BT 2B T 10 mmol/L & A1 45 mmol/L L
IR RSB FRITURES, A 7.5~12.5 mmol/L
AN S, AN ELVR H 37 R A% 58 4 25 BRI S s
IR . BJa, K% sh AR R T 2% 58 98 40 i
(1 73 R0 25 St e kI RE 23 L3 77 TR LR AN & 1 &
B4 o FE AN HL S5 A 50 A/mP Ny, 25 B e AR
ME, A gH A K APUR B 42 = T 29 50%, 7
ik #) 3.9x10° cells/mL #1204 mg/L, 3 H 415
UE 73X i sl H 2 BOR G 4R L Dh e L AR A &=
P B (I TH AR e B, 2 E, AT SR 8 R
WA IS TR, R R R R 4 AR R R 2
IEF RN 465, RIS R B 3 2 bR A i s 77
B R AL, D1 2 2SR 4 i ) AR K
M 3.7x10° cells/mL 3 i 1] 9.1x10° cells/mL, T A&
725 M 170 mg/L 36 i1 %1 550 mg/L. B B &
e VR FEE R o S AR T A MR B K AN A )
FEAR B AR, ER T AN MR R S v DL R RS 7R R
BRI R, XA B BRI A R A .
B E BRI R HER P S kR, T DUdE I A
AU B 5 3 TR0 A 8 43 TH B 772 W AR R
IR B, DR S T4 R A AR K B T Ak
Rt B Hiller 5 B JF & T —Ffr et pH 2 i 5 25 #f
BTIE IR, 4 RO LR ) Y FE 1Y I DL K B S B 97
B pH (T @ OE T3, R T 2 A R s B R R
B AN R AR LR, TP pH A, X Fh S
R ES R T ARG 5 DA R i . Lu g B
T E 2 20 A% B S DA KRR % B A 28 T
8 (1 LTE RE R e, SR E v 00 5 2RI N B 7 i
g B R B = T 6~9 g/Le.
213 RbFEFAGITL

IL375 £ 2 40 20 M 15 77 o v] DL (i 22 Bl B 37 Ak
gy, WEMERMLSMAEKRE T, (RgnsgiE.
G, ERREH UM EEN R, A Ea MLk E

F, BTN S A g R R SRR o s
FIGHA P T SR, LI R B R BT IR
2 ES T Z EEM, HIEFMEAE &M
B R B IR AR — AN E R E, XK T
AWt R S R AR e, AN TR
— M ILE B AR, TRLIR AR & N ZE R B
B B AN B B R4y B B KRR A R SRR A
AR RNAE R Jy e,

Gu s ¥R 57 7 S A 4K ##4) Primatone RL
VN 137 B 4G A E 500 mL %5 b 23 4L 1% 77 6F CHO
MMAI N, BEZE Primatone RLIKE T =, 54
IS MAE B, 7% 20 M % B2 A 2x10° cells/mL F &1 #
4x10° cells/mL, {H H 3 FE 1A $] 20 g/L I 7] G2 2> 411
Hlg R A . IFN-y (P2 B3 A R E BN, R
MEVE IR AR T 5 IE W R A AR AR, Rk, 7E
FHAMIE BN, AMUEREBITEARN &,
W e B P 5 B . Chen 25 1 %o 7 5% v i £ IR
fEZi M (CHSE) #EATAR MG 85 7%, 6 A #2484 1
H (NCS, 10%) U 5% a4 (FBS), &
200 75 5 A 45 7 2R ALY P A AR K B A (R E AR
NCS H #5577 [ 20 M A7 75 BUORL RIS, BRI T 8
G PR B, 3B P BRI NCS 19K B F 2%, [F)
5} #h 7& Primatone RL, 753 | ) 4 fg % /& 14 3
1.4x10° cells/mL, 581 5%FBS & SLARE . 2 5
# CHSE 41 i LA 6.5x10° cells/mL #2% #1315 L 44 ;2 B
e, 22 dJE SR 40 A FE IS 31 5.9%10° cells/mL.
N T R R IR R LG, KOS Y T
T —ANiE AT #E 41 CHO-GS 41 i 2B K A AR & A
RIEMERATM L MIERFHE (SFMB). B&
Tk fre A U 2 7= A K D R v 0 o 40 B A G,
it E CHO g0 b 5] N 2 Wi i & g 5L K (GS)
AT DAAS FH A A I8 N S e e, 1 A2 DA 2 R A &
REN G A S e K S B AR . A AT SR
F DoE Gt it J7 ik AR AL T i B 35 0 % 2k B 1 X 7 ol
TG ML 37 B TR EL I N B 0 BRI, e 5~
6 mg/L f15~10 mg/L, LA Hadamard %t i1 J7 %)
LT R AL S 6 PR S AT A0 o0 b, P 2B
e UL 40 M AR KA AR A R B, IR IE Ay
%4 1.25 mg/L A1 10 mg/L, {H 3 43 K & A F A W
5o %R T AE 100 mL #£5  £% 7% CHO-GS
YUAE, ORGP FE IR B 1.5%10° cells/mL. 2 A
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KILIEF 048 mg/L. [FIFEFHRERMAE BB
TIEEAE R T Vero 41, W REE H T H /b & A
SEANM B R % . Huang 25 ™ 76 8 B &R 15
FRIE MR NN, CH I ZUR, sl K B g
I, Fem KA R FEA IR TN I S e e ) s 7 ik
ENH,CIA G 8, Rk A S 2 S U R Ak
FefERBAR, SHABWEAHL, % 14 mmol/L 1)K
AT e A 41 0 5 R 3K B1) 2.1%10° cells/mL. 5 /)
ot bl 20 2 B AOUAL B9 SEMB (O EEaE 1, i A &
RURR € 16 I CHO-GS 41 i % 7 96 h /il i & %
BRIV R, RAG T @RI INE, b7 T 4R
HRAMMB AR I FIRIER; o BITHE T AR
MRS, BeEASEAREE, 3MBER
RAEWREY NS mgL; F AT 0.15% 1
Primatone RL [ 8 H /KA i i & A4, it
BRI MR A A R 93 (SFMC) 52 i
fISFMB A EL, 7F 1.5 LAEW) I B 25 P 35 41 il 2 i
M 2.9x10° cells/mL $2 =1 £ 3.5%10° cells/mL, Jf H. &
21 CHO 41 ifg 43 ¥4 ) HBsAg [ 35 5 M 1.2 mg/L
2] 1.5 mg/L ",

BT R B 7R 5 AT B H B IR Ry, Hk
S MANIERE, TR i IR IS Y. Bk RN
& AR 1.4 LAY ON A LA 16 mmol/L B FT A R
k. 1 mg/L BT 2 BR AN 0.5 g/L (1) B B /K i) B4R
SFMC W 8RB B . R M S AH ZUK Y,
2 3 AR AL S 1 3 77 56 s 77 100 % 41 A 25 B vT DLk
#]9.3x10° cells/mL, #ESE SFMC HHIZhE. & H
By T DA — Sefl i 4 e oo 3 B AR, O 4 M AR
KA P O] e T 8

2.2 DEESITEAR (PAT) AZUORXMIEMRE
IBERERIZMESHX

N T R R R R [E I R AR R A
MUK FRIRIESHRZXREEN ., WS (F
WHREE . HE) . thFSE (WlinpH, BiEE. &
AR AR DL AR KD A S 4 (il
AN A S . VS T AR B R AR E M DL &
NADH A1 LDH 7K *F*)  # B8 2 35 5 el 144 (1) i & .
2004 4, EREEMMAMERF (FDA) #2417
AR EAR (PAT), BESAT ek m T2 s

DL K BE G s PR A OB T2 S BN O T R MR IN
S N PAT & — AN sk S B 0 5 S5 A4 ) At 72
A5 B OB AR FE bR K SE P R B AT A
Hil G AR RS, H I R 5 477 R
2 EEH AR LM Y B S 4L
T o 36 2o 200 A= A 5 e 24 7 i 1) A 5% M R )
7 4 P ) AR IR AS DA AE R B AT ) 0
PAT FA 5] T 6 2547 M M A% (1) I 5T &% 1) RIS
B W v (QbD) Y, EIE H A . W
B, HEESM L ESHN R R A s,
SRJE R G S5 et (DoE) £ Ju i 4 i 55
R FH KB T ZZ 85 o it & 8 1 18] 1) 2k
R, IR AR B 0 DG B I R AR R AT SR A
AT RAIE 7= & Y — 0P 7. Daniel 1.C. Wang
951 5 PAT 7E [r) B S A R] 45 B2 (1) Tl S A T
KTk 7. 7820 4 70 FE AR H I, Daniel 1.C.
Wang 55 K 1 — AN 5 T v AL et 0 A0 428 sl (1 B 9
TUH , AR BT AT R 1 0 085 5% A 0 1 B8
TREEGIA,  THEALX AR i AR R ) A R K
YEMT . SR1M Daniel I.C. Wang 25 7 3 i 15 5 1 1) 9%
TELRAE I FRAN S R 38 (AR & (T B A= 1) B Bl g il
FNRLRE FRIEAS D, SRVFRF TN Sl B AR
TR HIAA . B S At )3 = ) B REAE
Ve e R AT AR H (SCP), HJIRAE
FATE LRI FE M & A& 7 T MO 2 26 4 v i
g 2E 7= SCP 1) 5 P8 A1 3 Rl 3 2 11 1 5 4L 3% i .
Daniel 1.C. Wang £ A= N T 4038 11 B K DTk A EAE
IR R HEAT (M) PAT 3358 | RS (1) B4l

WA F T B AR O AR ) T R B AT 4y N
KK FELAIM (on-line) UL 4G (at-line) o
on-line I & £ A I H K T 78 B A W) A% I 2 4
) 40 L B AR AR AR IS IR AN RS (i
i W 15D BLAAE AR IS RE B I 8 A
L& (BRI e ss), HH(E56
5 S M 4% o T at-line 7546 W 2 117 75 22 3EAT N T HL
FEERE B URE, B3I BT A0 2 A s B AT R
B, e MO G B AR 1 B e IR
FRr )t (B3,
2.2.1 f&EZ#4N (on-line)
(1) V52 M A% JERAY

4 B TR 5 A T P 20 ) A B 8 7 o R o e B B
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Fig. 3 Detection technology for animal cell culture processes

169

(Through online and offline detection of variables in the process of animal cell culture, and feedback control of the system based on the data;

DO—dissolved oxygen)

I FEAR & . H AT M B (I & TT DLy TR 2
MBS R, EELNES, AN LT
25 EARA T AT AR BOR TR A R R, (HIX
PR RE R 1, BB FHEENEmW, A
BE S e i 75 b R b 40 % R AR AR T AR ONTE
RE, HATEEAIEOANSEIEL. WL,
HLAR A SE o L rp F 2 R I ) 52 240 i 2 TR 2K
A BORLSE R R s i, e s A T
Y RE FR I AR A U 4 A ORI AR A A
Jita T 4 A2 A R 3 ok M B A B AR I AR, AR
I A AR IR . BT PAT (b T
A TGk m L, Liss U Y an i
R PR 78 SR FH 3 4 1 A% Jk 25 TR 188 B VR A S 4
JEL BV PR R R, A B v SR D A A R
A 7 P A AE LA AR I I — B0k, UESE TR 4
MoAG A P SE . FEE W AR A, A
& U IE R U AT IR B AR IA R4 (BEVS)
AR PR E AR ORI AL % (VLPs), 454 PAT

FAR R FH % 41 P A% A5 3R A 5 7% 1 FE Hh 1 v 41
HRE . TR SRR IR R
A e, T 200 R AR T Ty A 1, 0 R R A
Bl 4 A% T8 2 R B A0 9 O 20 A8 W B N AR AR — 2 I
R, R ATT BN T IS A F AR (1) 7E 2R R AR
SRR AT 0 AT, 1ZAH 5 b SR RE G R R E A
9y ST AAACHNE ORISR E LRI . DL AE
(1 73 A4 A R 48 1 5 B R AN RHER VR I 1], W] DA A
YIS FE IS B 2.1x107 cells/mL, AHEL T2tk 5%
F ) o e T A 25 1.2% 107 cells/mL 3278 T 75%.
(2) il ae

Hik MR B S E Ao TRMYE S,
XTI R RN E R, H T Rk
Tk B RS- WG R LA
GRS AN DL h ki

KIALLKR, 2osheilt— B g TR, ik
B ARKE S A AW RAE . X T 40 B IR
RS A E . BT E = R,



%2% www.synbioj.com 623

AT FH T S A M 4 R IR 0 R P R B 2R 2 R 4 1
AR SR 2RO T LU A 1 A s AT DL A Ak
JEAZ IR e, WZEVK B I pH 8 DO 45k, IF B 2
AR Y R NAR S, SR iR Y. —
e N\ V4 HRIE T #E CHO-K 1 5 95 1 2 A A F K1
HHE A S e e, AT DUAR G b A5 T 2 B A
FLURRIR L 7 J AR T bR 7 ik, NG Rk
B B E T Z M L% %, M. Milligan 25 fi
FH A [ P 200 it 2 6 AS 5] ) 40 B AR 2 80 (4 M ok
& BEERALRRIRE HATEIE ™

HARIEL AN (NIR) FIH 404 (MIR) it %
FEfa] SR BE, (HITZDAMG G - A g 58 HE &,
56 () AR AR S TR Al o PP 20 A0 ' T R R AT
FEAE R G REREAE BT, SRR BT S A &R
Gt rPRE S 1R ) %A A TR Y B = i R i 4y
FIRBNM BN FESZE FAE#ME TR, B
AR AR S, AT DUR I HH AR i 41 40
T BT R AW B A S B, i R O A 7R
FE S ) & AT LUR 28 5 Ui T &% Mok ik &, A
I, B ol B A N R B T IS IR 2 Al L R
RGN E1E ik ™ b2 5l 502t
MM S, RERSNEMERE (YEE)
Keik e (XZE), Wi/ kL (PLS)
AW AT B R RIS, ROy e
AR 5 B OG U £R R Ak F T EE OE  R fE
R ™. H AT 2 R A8 A 2 R A N
BRE. DR, SRR AR, KU
&9, AR /N RS AR ) e R o A B 1
S AR B S B Cln & MR VR D B S —
PR HERLRL, K 38 T CHO 40 i K FRE b Al 85
7= ™. Byster % ' 3 T hy = 1 18 IR IR ) R
B, A TAEAETT BRI EYUR (mAb)  BANE ik
15 9% CHO 20 i ik A% v Sz 300 7L 1R A0 8 267 4 114 4 )
BTG TE PLS B AL o 38 ik S A N A 2 BE A
FLRRWREE, Ko AR HITE 4 g/L, ALTRIKEE
7E 2 g/L I & 3 P Ik CHO #% 77 i F2 h 1) & &
(68%), [FIHEE T mAb EFLBL KT (50%) .
(3) RBAFTIEA

YR IR AR, 4 PR AR S T DU i A
I8 7 5 A v RS AEURD SR AR R R R AR Ak i
ITRAE ;s FF Hodad ik — 0 1 vk 50T L3R 1S 40 M AR

WS H, WA SIHFEEZE (OUR) . &Mk
W E BUE % (CER) AP R (RQ). AT M=
SISy — R R ORI B AR, Ak
FE AR SR B A AR ™ BN DR AT O
AR 2 ] E AR IR 2 DA R O R R IR
AT AR HAl TSRS BICR. (OURD - [AIFE, il
B AR A T A EE T 222 e SR A o = AR A o R TS
K (CER). FE4 5w 2 41 J AR 1 1S 20 1t — A4S G gt
fabr, Mgufib FHRECEK I, KER 4 10 E & b
AR, FEEEZFE (OUR) Bl 4 ik BF
(R I 3G 0, BT K 2 A e 8 3% T AR AR 2 DA
gy AN RE B 3G IR 7 AT I, ARk R B R] 38
ST P A FEE Ve, TR] O B O A SR Rt 4 o) R B
AR A M .
2.2.2  # L&A (at-line )

at-line Yl & 1) FE A 75 B AW e 488 T 40 9
2%, FRAERRT N A% W T AT A, Kbk
WA E R EAE D (AT EA. &, B
(FE AL B2 BT 55 77 T LR B T AR K IR

WITEAME SRR E R, FEREBIT
EETRESBE GBI, wiEEL. Rl
AR BT R, T X L M A 2 A2 B 40 e
FRL R R, b an s 9% B A g FRKCE A AR E
RS SE MR EAY —, RRTHEEAR
(1 A2 7= R P2 26 75 2249 2 I 4% . Daniel 1.C. Wang i
AL B R T O R AR AT A AR AR
VLI . REEREA g6 WX 4. WAy
HJFR T —A B 3 M D 2% 52 I8 40 i TG P A 1 &
Gt. 1gG NIRATIEAMMI b 73 ws thok, EAEKE IR 5
AR, R EURE AN TR R A . R N
AW 84 R E B E] HPLC & 4t i EFE
BEEEHENE AR, LRI RE BT 2
R ERA T EEEMAEE, BAREH
R, AR N T 3 min, SEHLT PRSI
(0 H AR o I A R TR T B R TR I O R ke
B2, B — B 2R I AS [RDRE 284 mT AR B AN TR 1)
AW SRR, T ELRE B S R M R R B R UK
ER] S B L AL A R R A ARG I e B, W Y
T ERE A g R ai gt s, H LC/MS #3474
B, TELRIEJE s, W] DL o e b A .
Daniel I.C. Wang PR @ 2H % 3. | — Fl Pl 974y CHO
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SR 5 ) AN TFN-y BNV TE N-3E B RE B0 47 A
SR N RS, AR EE NEE IR G
Hrali A H R EE e e R A A R
ITTELRER KR, AR o B AR R I BE 21k
AL AP AR O o 38 sk R R B B O A PR /N
H) 25 B i (MALDITOF) &40 47, LU
I EREGE . XM ITERTFE2 RN, AUEH
0.5 pg (25 pmol) 7™ il >R VAl B £ 1 () 1l = S
PE PR B R AR 5 ) e TR R R AR R e A R
i, BARZ AT TR MALDIFE B _E R
1% ilg A FEEB3E K 3 F MALDI/TOF 5 &4 11 25 Mk i R
RPER SE R, (H 2 BT VR R (B R A AR,
AIRER R, ARt X TS AR iR %2 . Daniel 1.C.
Wang @41 1 78 s al Bt — 20 ik, R
TR 53 B3 RE 8 AL BB K . 3R 13 CHO SRR Y
TFN-y AL 5 0 S R S P Ml PR AL T o i, i
XA R Gon R RR & = 1 E = AT, R LA A
W R T A A 6 4 R0 4 i S A AR W e T B A
[ MEVR R 2 &

223 dSRHELITS M

s R REHE AR Z
o RIE, 78 0 s 2 ok A s i I R
PEJCONE 2L, AR 48 M8 W 4 R 2 7= A K & 1 2 4
W, —ANREIEHT RG T PAT R 2 R &E
B . DRI, e R ST R AR R S B A AT
A o3 b g O I AR n DA etk wT LE— 2B AR R
9 3% R T FE LR, TN AR o AR 1 K e I 5
AN E P IR 7 ST T 5= v | RS g
(1) LI BETT (design of experiments, DoE)

DoE ## & 1 /& — i FH T 2 0 Hh 0 326 A1 VE Ak 5%
BT 2 S B0 R R R gt vk, Ak
KEEAIELMER P KK, DoE & —ANEH 52
M 7, fERSARAG LT 4E4n e (DF-1) 478
WEBE T AR, Lin 28 P 8 T 48 R g AL et
HEIRE R (IBDV) 19 DF-1 40 g ¥ 3% 58 R
A 4 2 7 A GC/MS RTLC/MS & B i
DF-1 41 i #£ DMEM/F12 (1 : 1) I DMEM P i 5
Fr 3 At AR, A3 B0 0 B T DA B 4
Ji 8% 7% ok 2 AR B AR 1 AR A . A AT X AR
TR E 20 ZRAR U, 0 A3 R AR AN AR
AR S gH i AR K ) E BRI R, JFil il DoE 75

_. [92]

FEAA T B IR R R, B T DF-1 40 i
WEE . ZJa, AT SCRH RRE R T EEIR T T R
IBDV 1) DF-1 4 ffd 5 A< Jak e o) B 20 1) 22 55 DA S X}
DF-1 4 il i3k 47 I8 F V£ 43 4, IBDV 3@ i A X A 4R
W AZEARUE . AR AR 2 RS I& 12 R DF-
VAR AR o T ad Bk i P 2 A R BTE K 8% 97
o R AR K AR = R, i E R AR
A% AR A SRS 2 1 2 . @3t DoE i1k
R AL A G oy JE 48 T A7, 45 IBDV
BRI R, H RS T 20.7 £ Y
(2> il & 5 &m0 i

RifEES TR — MR TR, Sdo
e AU 1) ok 388 R i o O R IR 7 SRORI AR i AR 4K
SR e o AR o T AR Y L T AR
R B AR IR AR R A A X, AT DAk — B 7
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Fig. 4 Intelligent manufacturing systems developed based on big data for industrial processes

(Mining big data through the intelligent perception system to realize the intelligent control of the biological training process.

On the other hand, using literature and omics data to form a knowledge map for machine deep learning,

the intelligent perception system can guide to realize the real intelligent biological manufacturing)
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